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(57) ABSTRACT 

The object of the present invention is to provide a polyimide 
compound useful as a raW material of a polymer for an 
optical Waveguide that has excellent transparency and heat 
resistance, loW moisture absorption, a small optical trans 
mission loss, a high refractive index and good adhesion to a 
base material or a substrate. The present invention is inven 
tions of a method for producing a deuterated polyamic acid 
compound represented by the general formula [2]: 

wherein R1 indicates a tetravalent alicyclic hydrocarbon 
group or a tetravalent aromatic hydrocarbon group, 
Which may have a heavy hydrogen atom; R2 indicates 
a divalent aromatic hydrocarbon group having a heavy 
hydrogen atom; and m indicates an integer not less than 

5 

Which comprises reacting an acid anhydride represented 
by the general formula [3]: 

XX: 
X X. 

wherein R1 has the same meaning as above, 

With a deuterated diamine compound represented by the 
general formula [4]: 

HZNiRZiNHZ [4] 

Wherein R2 has the same meaning as above; a method for 
producing a deuterated polyimide compound repre 
sented by the general formula [1]: 

wherein R1 indicates a tetravalent alicyclic hydrocarbon 
group or a tetravalent aromatic hydrocarbon group, 
Which may have a heavy hydrogen atom; R2 indicates 
a divalent aromatic hydrocarbon group having a heavy 
hydrogen atom; and 11 indicates an integer not less than 
1, Which comprises subjecting thus obtained deuterated 
polyamic acid compound to a ring closure reaction; a 
method for producing a deuterated polyimide com 
pound represented by the general formula [l] Which 
comprises reacting an acid anhydride represented by 
the above general formula [3] With a deuterated 
diamine compound represented by the above general 
formula [4] and then subjecting the reaction product to 
a ring closure reaction; use of a deuterated polyimide 
compound obtained by the above production methods 
as a raW material polymer for an optical Waveguide; a 
?lm for an optical Waveguide containing said deuter 
ated polyimide compound; a deuterated polyimide 
compound; and a deuterated polyamic acid compound. 
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DEUTERATED POLYIMIDES AND DERIVATIVES 
THEREOF 

TECHNICAL FIELD 

[0001] The present invention relates to a neW deuterated 
polyimide compound and its derivative useful as a raW 
material of an optical Waveguide that is excellent in heat 
resistance, transparency, adhesion to a substrate and pro 
cessability. 

BACKGROUND ART 

[0002] An optical Waveguide made of glass has been 
conventionally used as a material for an optical Waveguide. 
HoWever, temperature processing over 10000 C. is required 
in its production. Therefore, a polymer material has been 
searched for as a material for an optical Waveguide instead. 
Recently, a polyimide compound has been attracting atten 
tion as one of polymers for an optical Waveguide. HoWever, 
a light hydrogen polyimide compound has many CiH 
bonds, and thus a polymer containing said compound is poor 
in transparency and causes a large optical transmission loss 
in a near-infrared region. Therefore, such a polyimide com 
pound is not suitable for a raW material of an optical 
Waveguide to be used for a high-capacity and high-speed 
transmission system. In these situations, a ?uorinated poly 
imide compound formed by partially substituting light 
hydrogen atoms of such a light hydrogen polyimide com 
pound With ?uorine atoms has been studied as a polymer for 
an optical Waveguide (Patent Literatures l to 8). A ?uori 
nated polyimide compound has been draWing attention as a 
raW material polymer of an optical Waveguide because of its 
small optical transmission loss in a near-infrared region and 
its excellent heat resistance and loW moisture absorption. 
HoWever it has a problem that When used as a core material 
of an optical Waveguide, its refractive index is so loW that 
clad materials having refractive index matching the core 
material are required. Therefore, subsequently clad materials 
are limited. The ?uorinated polyimide compound also has 
problems in that it causes poor transparency and a large 
optical transmission loss due to CiH bonds at a loW 
?uorination rate as mentioned above, Whereas at a high 
?uorination rate, it suffers poor adhesion to a base material 
or a substrate due to loW surface tension of said compound 
resulting in dif?culty of processing such as coating, and also 
poor adhesion of a ?lm made of said compound resulting in 
poor ?lm characteristics and a fragile ?lm. 

[0003] In these situations, a polyimide compound useful 
as a raW material of a polymer for an optical Waveguide that 
has excellent transparency and heat resistance, loW moisture 
absorption, a small optical transmission loss, a high refrac 
tive index and good adhesion to a base material or a 
substrate has been desired to come into being. 

[0004] On the other hand, there are various literatures such 
as a literature (Non Patent Literature 1) investigating the 
relation betWeen imidation temperature, imidation rate and 
interface diffusion distance using a deuterated polyamic 
ester, a literature (Non Patent Literature 2) investigating 
interface diffusion on the surface of a deuterated polyamic 
acid and a polyimide ?lm by an ion beam method (note: it 
does not specify What part is deuterated) and a literature 
(Non Patent Literature 3) investigating by ion beam analysis 
the dynamics of a deuterated polyamic ester of Which the 
ester portion only is deuterated. 
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[0005] Patent Literature 1: JP-A-2-28l037 

[0006] Patent Literature 2: JP-A-4-8734 

[0007] Patent Literature 3: JP-A-4-9807 

[0008] Patent Literature 4: JP-A-5-l64929 

[0009] Patent Literature 5: JP-A-6-5ll46 

[0010] Patent Literature 6: JP-A-200l-342203 

[0011] Patent Literature 7: JP-A-2002-37885 

[0012] Patent Literature 8: JP-A-2003-l60664 

[0013] Non Patent Literature 1: POLYMER (1997), 38 
(20), 5073-5078 

[0014] Non Patent Literature 2: POLYMER (1992), 33 
(16), 3382-3387 

[0015] Non Patent Literature 3: POLYMER (1990), 31 
(3), 520-523 

DISCLOSURE OF THE INVENTION 

Problem to be Solved by the Invention 

[0016] The subject of the present invention is to provide a 
polyimide compound useful as a raW material of a polymer 
for an optical Waveguide that has excellent transparency and 
heat resistance, loW moisture absorption, a small optical 
transmission loss, a high refractive index and good adhesion 
to a base material or a substrate. 

Means to Solve the Subject 

[0017] In one aspect, the present invention is an invention 
of a method for producing a deuterated polyamic acid 
compound represented by the general formula [2]: 

I m 

[0018] wherein R1 indicates a tetravalent alicyclic hydro 
carbon group or a tetravalent aromatic hydrocarbon group, 
Which may have a heavy hydrogen atom; R2 indicates a 
divalent aromatic hydrocarbon group having a heavy hydro 
gen atom; and m indicates an integer not less than 1, 

[0019] Which comprises reacting an acid anhydride repre 
sented by the general formula [3]: 

XX: 
X N. 

[0020] wherein R1 has the same meaning as above, 
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With a deuterated diamine compound represented by the 
general formula [4]: 

HZNiRZiNHZ [4] 

[0021] Wherein R2 has the same meaning as above; 

[0022] A method for producing a deuterated polyimide 
compound represented by the general formula [1]: 

NNAW. 
X X. n 

[0023] wherein R1 indicates a tetravalent alicyclic hydro 
carbon group or a tetravalent aromatic hydrocarbon group, 
Which may have a heavy hydrogen atom; R2 indicates a 
divalent aromatic hydrocarbon group having a heavy hydro 
gen atom; and n indicates an integer not less than 1, 

[0024] Which comprises subjecting thus obtained deuter 
ated polyamic acid compound to a ring closure reaction; 

[0025] and a method for producing a deuterated polyimide 
compound represented by the general formula [1] Which 
comprises reacting an acid anhydride represented by the 
above general formula [3] With a deuterated diamine com 
pound represented by the above general formula [4] and then 
subjecting the reaction product to a ring closure reaction. 

[0026] In a further aspect, the present invention is use of 
a deuterated polyimide compound obtained by the above 
production methods as a raW material polymer for an optical 
Waveguide, and a ?lm for an optical Waveguide containing 
said deuterated polyimide compound. 

[0027] In a still further aspect, the present invention is a 
deuterated polyimide compound represented by the general 
formula [1]; 

XXL. 
X N. n 

[0028] wherein R1 indicates a tetravalent alicyclic hydro 
carbon group or a tetravalent aromatic hydrocarbon group, 
Which may have a heavy hydrogen atom; R2 indicates a 
divalent aromatic hydrocarbon group having a heavy hydro 
gen atom; and n indicates an integer not less than 1, 
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[0029] and a deuterated polyamic acid compound repre 
sented by the general formula [2]: 

[0030] wherein R1 indicates a tetravalent alicyclic hydro 
carbon group or a tetravalent aromatic hydrocarbon group, 
Which may have a heavy hydrogen atom; R2 indicates a 
divalent aromatic hydrocarbon group having a heavy hydro 
gen atom; and m indicates an integer not less than 1. 

EFFECT OF THE INVENTION 

[0031] A deuterated polyimide compound of the present 
invention is a polymer of a high deuteration ratio and 
therefore useful as a raW material of a polymer for an optical 
Waveguide that has excellent transparency and heat resis 
tance, loW moisture absorption, a small optical transmission 
loss, a high refractive index and good adhesion to a base 
material or a substrate. A deuterated polyamic acid com 
pound of the present invention is a very useful compound 
because it enables the above deuterated polyimide com 
pound of a high deuteration ratio to be obtained by easy 
operations. 

BEST MODE FOR CARRYING-OUT OF THE 
INVENTION 

[0032] In the present speci?cation, a hydrogen atom 
generically means a light hydrogen atom and a heavy 
hydrogen atom. The heavy hydrogen atom means a deute 
rium (D) or a tritium (T). In the present invention, a ratio of 
hydrogen atoms substituted by heavy hydrogen atoms to the 
total hydrogen atoms contained in a compound is referred to 
as a deuteration ratio. 

[0033] In the production method of the present invention, 
the tetravalent alicyclic hydrocarbon group that may have a 
heavy hydrogen atom indicated by R1 in an acid anhydride 
represented by the general formula [3] to be used, a deuter 
ated polyimide compound represented by the general for 
mula [l] to be obtained and a deuterated polyamic acid 
compound represented by the general formula [2] includes a 
group that has 4 direct-linkages at optional positions of an 
alicyclic hydrocarbon ring that may have a heavy hydrogen 
atom. Speci?c examples of the alicyclic hydrocarbon ring 
includes a ring of having 4 to 12 carbon atoms, preferably 
4 to 8 carbon atoms, more preferably 4 to 6 carbon atoms 
and a monocyclic, polycyclic and spiro ring as Well as the 
above rings in Which 2 separate carbon atoms are cross 
linked by an alkenylene group having 2 to 4 carbon atoms 
(e.g., a vinylene group, a propenylene group and a bute 
nylene group) or an alkylene group having 1 to 4 carbon 
atoms (e.g., a methylene group, an ethylene group, a trim 
ethylene group, a propylene group and a tetramethylene 
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group). Speci?c examples of the alicyclic hydrocarbon ring 
includes, for example, a monocyclic ring such as cyclobu 
tane, cyclopentane, cyclohexane, cycloheptane, cuclooc 
tane, cyclononane, cyclodecane, cycloundecane and 
cyclododecane; a crosslinked ring such as norbomane and 
bicycle[2,2,2]oct-2-ene; or a polycyclic and spiro ring, 
formed by bonding an optional number of the above rings at 
optional positions. These alicyclic hydrocarbon rings may 
have further 1 to 10, preferably 1 to 5, more preferably 1 to 
3 alkyl substituents. The above all substituent may be 
straight chained or branched and includes one having gen 
erally l to 6, preferably 1 to 3, more preferably 1 or 2, and 
still more preferably 1 carbon atom, Which is speci?cally 
exempli?ed by, a methyl group, an ethyl group, a n-propyl 
group, an isopropyl group, a n-butyl group, an isobutyl 
group, a sec-butyl group, a tert-butyl group, a n-pentyl 
group, an isopentyl group, a sec-pentyl group, a tert-pentyl 
group, a neopentyl group, a n-hexyl group, an isohexyl 
group, a sec-hexyl group and a tert-hexyl group. 

[0034] The above alicyclic hydrocarbon ring as Well as the 
above alkyl substituent may not have a heavy hydrogen 
atom, but those having a heavy hydrogen atom are prefer 
able. The more heavy hydrogen atoms they have, the more 
preferable they are. 

[0035] 4 direct-linkages in the tetravalent alicyclic hydro 
carbon group preferably has a pair of 2 direct-linkages at 2 
adjacent carbon atoms in the alicyclic hydrocarbon ring, 
more preferably has 2 pairs of the direct-linkages at 2 pairs 
of adjacent carbon atoms positioned most distantly from one 
another in the alicyclic hydrocarbon ring, and still more 
preferably has 2 pairs of the direct-linkages at 2 pairs of 
adjacent carbon atoms positioned symmetrically in the ali 
cyclic hydrocarbon ring. 

[0036] Speci?c examples of the above tetravalent alicyclic 
hydrocarbon group preferably includes, for example, one 
shoWn beloW, 

[0037] The tetravalent aromatic hydrocarbon group that 
may have a heavy hydrogen atom indicated by R1 may be 
monocyclic or polycyclic and includes a group having 4 
direct-linkages at optional positions in the aromatic hydro 
carbon ring that may have a heavy hydrogen atom, and a 
group formed by linking 2 to 6 aromatic hydrocarbon rings 
through a direct-linkage, an alkylene group, an oxygen 
atom, a sulfur atom, a sulfonyl group, a carbonyl group, a 
group obtained by combining the above groups and the like. 
The tetravalent aromatic hydrocarbon groups include spe 
ci?cally, for example, tetravalent benZene, tetravalent naph 
thalene, tetravalent anthracene, tetravalent chrysene and a 
group represented the folloWing general formula [5]: 
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M AfJ L< 
(Wherein A indicates a direct-linkage, an alkylene group, an 
oxygen atom, a sulfur atom, a sulfonyl group, a carbonyl 
group or a group obtained by combining the above groups; 
p indicates an integer of 0 to 5). 

[0038] The above tetravalent aromatic hydrocarbon group 
having 4 direct-linkages preferably has a pair of 2 direct 
linkages at 2 adjacent carbon atoms in any aromatic ring 
contained in the aromatic hydrocarbon group, more prefer 
ably has 2 pairs of the direct-linkages at 2 pairs of adjacent 
carbon atoms positioned most distantly from one another in 
all aromatic rings contained in the aromatic hydrocarbon 
group, and still more preferably has 2 pairs of the direct 
linkages at 2 pairs of adjacent carbon atoms positioned 
symmetrically in the aromatic hydrocarbon ring. 

[0039] The tetravalent aromatic hydrocarbon group may 
have further 1 to 10, preferably 1 to 5, more preferably 1 to 
3 alkyl substituents in an aromatic ring portion thereof. 
Speci?c examples of such a group include the same as the 
alkyl substituents that the above alicyclic hydrocarbon ring 
may have. 

[0040] The above tetravalent aromatic hydrocarbon group 
as Well as the above alkyl substituent may not have a heavy 
hydrogen atom, but those having a heavy hydrogen atom are 
preferable. The more heavy hydrogen atoms they have, the 
more preferable they are. The tetravalent aromatic hydro 
carbon group, Wherein all hydrogen atoms of the aromatic 
rings thereof are substituted With heavy hydrogen atoms, is 
preferable, and the tetravalent aromatic hydrocarbon group, 
Wherein all hydrogen atoms thereof are substituted With 
heavy hydrogen atoms, is particularly preferable. 

[0041] The alkylene group indicated by A in the general 
formula [5] includes a straight chained or branched group 
having 1 to 6 carbon atoms, Which are speci?cally exem 
pli?ed by, for example, a methylene group, an ethylene 
group, a n-propylene group, an isopropylene group, a n-bu 
tylene group, an isobutylene group, a sec-butylene group, a 
tert-butylene group, a n-pentylene group, an isopentylene 
group, a sec-pentylene group, a tert-pentylene group, a 
neopentylene group, a n-hexylene group, an isohexylene 
group, a sec-hexylene group and a tert-hexylene group. 

[0042] The group obtained by combining the above 
groups, indicated by A includes, for example, a group 
formed by combining usually 2 to 15, preferably 2 to 10, 
more preferably 2 to 5 groups selected from the group 
consisting of the above direct-linkage, alkylene group, oxy 
gen atom, sulfur atom, sulfonyl group and carbonyl group, 
Which is speci?cally exempli?ed by, for example, an oxy 
alkylene group composed of an alkylene group and an 
oxygen atom that may have the oxygen atom or the alkylene 
group at the both ends thereof, and a group formed by 
combining an alkylene group, an oxygen atom and a car 
bonyl group that has the carbonyloxy groups at the both ends 
of the alkylene group. 



US 2008/0045724 A1 

[0043] The symbol p indicates an integer of usually 0 to 5, 
preferably 0 to 2, more preferably 0 or 1, and still more 
preferably 0. 

[0044] Preferable speci?c examples of the above tetrava 
lent aromatic hydrocarbon group include, for example, the 
following groups. 

11 m 
or; 

O \\//O 

USU 
[0045] The above tetravalent alicyclic hydrocarbon group 
and tetravalent aromatic hydrocarbon group, Which may 
have a heavy hydrogen atom indicated by above Rl may 
have a ?uorine atom. HoWever, the less the number of the 
?uorine atom contained, the more preferable it is, and the 
group having no ?uorine atom is still more preferable. When 
the ?uorine atom is contained, the number of the ?uorine 
atom is usually 1 to 6, preferably 1 to 3, and more preferably 
1. 

[0046] R1 in the above compounds represented by the 
general formulae [1], [2] and [3] is preferably tetravalent 
aromatic hydrocarbon groups and among them more pref 
erably a group having a monocyclic aromatic ring, espe 
cially such a group having a chain of the aromatic rings as 
represented by the general formula The aromatic ring 
has preferably no alkyl group as a substituent. When the 
aromatic ring has an alkyl group as a substituent, the alkyl 
group preferably has less carbon atoms. 

[0047] In the production method of the present invention, 
the divalent aromatic hydrocarbon group having a heavy 
hydrogen atom indicated by R2 in a deuterated diamine 
compound represented by the general formula [4] to be used, 
a deuterated polyimide compound represented by the gen 
eral formula [1] to be obtained and a deuterated polyamic 
acid compound represented by the general formula [2] may 
be monocyclic or polycyclic and includes a group having 2 
direct-linkages at optional positions of the aromatic hydro 
carbon ring having a heavy hydrogen atom and a group 
formed by combining 2 to 6 aromatic hydrocarbon rings 
through, for example, a direct-linkage, an alkylene group 
that may have an oxygen atom, an oxygen atom, a sulfur 
atom, a sulfonyl group, a carbonyl group and an alkylene 
group having carbonyloxy groups at the both ends thereof. 

[0048] Such divalent aromatic hydrocarbon groups 
include speci?cally, for example, divalent benZene, divalent 
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naphthalene, divalent anthracene, divalent chrysene and a 
group represented by, for example, the folloWing general 
formula [6]: 

(Wherein Y indicates a direct-linkage, an alkylene group, an 
oxygen atom, a sulfur atom, a sulfonyl group, a carbonyl 
group or a group obtained by combining the above groups; 
q indicates an integer of 0 to 5). Said divalent aromatic 
hydrocarbon group may have further 1 to 10, preferably 1 to 
5, more preferably 1 to 3 alkyl substituents in an aromatic 
ring portion thereof. Speci?c examples of such a group 
include the same as the alkyl substituents that the above 
tetravalent alicyclic hydrocarbon ring and aromatic hydro 
carbon ring may have. 

[0049] The above divalent aromatic hydrocarbon group 
has at least 1 heavy hydrogen atom on the aromatic ring. 
Preferable are those having more hydrogen atoms of the 
aromatic ring thereof substituted With heavy hydrogen 
atoms, and those having more hydrogen atoms of the groups 
other than the aromatic ring substituted With heavy hydrogen 
atoms. More preferable are those having all hydrogen atoms 
on the aromatic ring thereof substituted With heavy hydro 
gen atoms. Particularly preferable are the divalent aromatic 
hydrocarbon groups having all hydrogen atoms therein 
substituted With heavy hydrogen atoms. 

[0050] The alkylene group and the group obtained by 
combining the above groups, indicated by Y in the general 
formula [6], include the same as the alkylene group indi 
cated by A in the above general formula [5] and the group 
obtained by combining the above groups. 

[0051] The symbol q indicates an integer of usually 0 to 5, 
preferably 0 to 2, more preferably 0 or 1, and still more 
preferably 0. 

[0052] The preferable divalent aromatic hydrocarbon 
group includes speci?cally, for example, the folloWing 
groups. 
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-continued 
H3C CH3 

5 as O 0O 

0 O 5 5 

O 5 

O O a a 

Q Q 
[0053] The above divalent aromatic hydrocarbon group 
having a heavy hydrogen atom, indicated by R2 may have a 
?uorine atom. However, the less the number of the ?uorine 
atom contained, the more preferable it is, and the group 
having no ?uorine atom is still more preferable. When the 
?uorine atom is contained, the number of the ?uorine atom 
is usually 1 to 6, preferably 1 to 3, and more preferably 1. 

[0054] Among the divalent aromatic hydrocarbon groups 
having a heavy hydrogen atom, indicated by R2 in the above 
compounds represented by the general formulae [1], [2] and 
[4], those having a monocyclic aromatic ring are preferable, 
and among Which those represented by the general formula 
[6] are more preferable. The aromatic ring has preferably no 
alkyl is group as a substituent. When the aromatic ring has 
an alkyl group as a substituent, the feWer carbon atoms the 
alkyl group has, the more preferable it is. 

[0055] The amount of heavy hydrogen atoms that a diva 
lent aromatic hydrocarbon group indicated by R2 in the 
general formula [4] has is usually not less than 20%, 
preferably 20 to 100%, more preferably 60 to 100% and still 
more preferably 80 to 100%, of the amount of hydrogen 
atoms that the divalent aromatic hydrocarbon group has. 
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[0056] The symbols n and m in the above general formu 
lae [1] and [2] indicate an integer of usually 1 to 10,000, 
preferably 10 to 3,000, and more preferably 100 to 1,000. 
The compound represented by the general formula [1] 
includes a compound having the folloWing structures [8]: 

O O [8] 

_.X.%._ 
f N. 

and [9]; 

(wherein R1 and R2 are the same as the above) at both ends 
thereof, and the compound represented by the general for 
mula [2] includes a compound having the folloWing struc 
tures [10]: 

[10] 
o 0 

|| || 
\ / 
R1 
/ \ 

HO—C C—OH 

and [11]: 

NHiRZiNHi [11] 

(wherein R1 and R2 are the same as the above) at both ends 
thereof. 

[0057] Among the above deuterated polyimide com 
pounds represented by the general formula [1], obtained by 
the method of the present invention, the preferable com 
pound includes a compound represented by the general 
formula [1']: 

(wherein R1‘ indicates a tetravalent alicyclic hydrocarbon 
group or a tetravalent aromatic hydrocarbon group, Which 
may have a heavy hydrogen atom; R2‘ indicates a divalent 
aromatic hydrocarbon group having a heavy hydrogen atom; 
and n indicates an integer not less than 1, and provided that 
R1‘ and R2‘ have no ?uorine atom). 

[0058] Among the above deuterated polyamic acid com 
pounds represented by the general formula [2], obtained by 
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the method of the present invention, the preferable com 
pound includes a compound represented by the general 
formula [2']: 

(Wherein R1‘ indicates a tetravalent alicyclic hydrocarbon 
group or a tetravalent aromatic hydrocarbon group, Which 
may have a heavy hydrogen atom; R2‘ indicates a divalent 
aromatic hydrocarbon group having a heavy hydrogen atom; 
and m indicates an integer not less than 1, and provided that 
R1‘ and R2‘ have no ?uorine atom). 

[0059] In the above general formulae [1'] and [2'], the 
tetravalent alicyclic hydrocarbon group or tetravalent aro 
matic hydrocarbon group, Which may have a heavy hydro 
gen atom, indicated by Rl' includes the same as tetravalent 
alicyclic hydrocarbon group or tetravalent aromatic hydro 
carbon group, Which may have a heavy hydrogen atom, 
indicated by R1 in the deuterated polyimide compound 
represented by the general formulae [1] and [2] excluding 
the group having a ?uorine atom. The divalent aromatic 
hydrocarbon group having a heavy hydrogen atom indicated 
by R2‘ may be monocyclic or polycyclic and includes a 
group that has 2 direct-linkages at optional positions of an 
aromatic hydrocarbon ring having a heavy hydrogen atom 
and does not contain a ?uorine atom, and also includes a 
group formed by combining 2 to 6 aromatic hydrocarbon 
rings through, for example, a direct-linkage, an alkylene 
group that may have an oxygen atom, a sulfur atom, a 
sulfonyl group, a carbonyl group and an alkylene group 
having carbonyloxy groups at the both ends thereof. 

[0060] The divalent aromatic hydrocarbon groups indi 
cated by R2‘ in the general formulae [1'] and [2'] include 
speci?cally, for example, divalent benZene, divalent naph 
thalene, divalent anthracene, divalent chrysene and a group 
represented by, for example, the folloWing general formula 

(Wherein Y' indicates a direct-linkage, an alkylene group that 
may have an oxygen atom, a sulfur atom, a sulfonyl group, 
a carbonyl group and an alkylene group having carbonyloxy 
groups at the both ends thereof; q indicates an integer of 0 
to 5). Said divalent aromatic hydrocarbon group may have 
further 1 to 10, preferably 1 to 5, more preferably 1 to 3 alkyl 
substituents in an aromatic ring portion thereof. Speci?c 
examples of such a group include the same as the alkyl 
substituents that the above tetravalent alicyclic hydrocarbon 
ring and aromatic hydrocarbon ring, indicated by R1 and R1‘ 
may have. 
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[0061] The above divalent aromatic hydrocarbon group 
indicated by R2‘ has at least 1 heavy hydrogen atom on the 
aromatic ring. Preferable are those having more hydrogen 
atoms of the aromatic ring thereof substituted by heavy 
hydrogen atoms, and those having more hydrogen atoms of 
the groups other than the aromatic ring substituted by heavy 
hydrogen atoms. More preferable are those having all hydro 
gen atoms on the aromatic ring thereof substituted by heavy 
hydrogen atoms. Particularly preferable are those having all 
hydrogen atoms of the divalent aromatic hydrocarbon group 
substituted by heavy hydrogen atoms. 

[0062] The alkylene group of the alkylene group that may 
have an oxygen atom indicated by Y' in the general formula 
[6] includes a group having usually 1 to 6, preferably 1 to 4, 
more preferably 1 to 2, and still more preferably 1 carbon 
atom. The alkylene group may be straight chained or 
branched, but preferably straight chained, and includes 
speci?cally, for example, a methylene group, an ethylene 
group, a n-propylene group, an isopropylene group, a n-bu 
tylene group, an isobutylene group, a sec-butylene group, a 
tert-butylene group, a n-pentylene group, an isopentylene 
group, a sec-pentylene group, a tert-pentylene group, a 
neopentylene group, a n-hexylene group, an isohexylene 
group, a sec-hexylene group and a tert-hexylene group. 
When having oxygen atoms, the alkylene group includes a 
group having usually 1 to 5, preferably 1 to 2, more 
preferably 1 oxygen atom at the end thereof or in the chain 
thereof. 

[0063] The symbol q indicates an integer of usually 0 to 5, 
preferably 0 to 2, more preferably 0 or 1, and still more 
preferably 0. 

[0064] Among deuterated polyimide compounds repre 
sented by the above general formula [1'], the deuterated 
polyimide compound represented by the folloWing general 
formula [1"]: 

0 R6 0 R7 R7 R7 R7 

(Wherein R6 s indicate each independently a heavy hydrogen 
atom or a light hydrogen atom; R7 s indicate each indepen 
dently a heavy hydrogen atom or a deuterated methyl group; 
R8 indicates a direct-linkage or a deuterated methylene 
group; and n indicates an integer not less than 1, and 
provided that the partial structure: 
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is deuterated) can be said to be industrially more useful 
compound from the standpoint of its performance as a raW 
material polymer for an optical Waveguide. The deuterated 
polyamic acid compound represented by the general formula 

(Wherein R6 s indicate each independently a heavy hydrogen 
atom or a light hydrogen atom; R7 s indicate each indepen 
dently a heavy hydrogen atom or a deuterated methyl group; 
R8 indicates a direct-linkage or a deuterated methylene 
group; and m indicates an integer not less than 1, and 
provided that the partial structure: 

R7 R7 R7 R7 

is deuterated) is an important intermediate to produce a 
compound represented by the above general formula [1"]. 

[0065] The acid anhydride represented by the general 
formula [3] that is used in the production method of the 
deuterated polyamic acid compound and deuterated poly 
imide compound of the present invention may be obtained 
on the market or synthesiZed by a knoWn method Where a 
suitable carboxylic acid is subjected to the action of a 
dehydrating agent or a condensing agent as appropriate. An 
acid anhydride on the market deuterated by a conventional 
method or an acid anhydride deuterated in advance, for 
example, according to a deuteration method of a diamine 
compound to be described later may be used. 

[0066] The deuterated diamine compound represented by 
the general formula [4] that is used in the production method 
of the deuterated polyamic acid compound and deuterated 
polyimide compound of the present invention can be 
obtained by reacting, for example, the corresponding light 
hydrogen diamine compound With a heavy hydrogen source 
in the presence of a catalyst selected from an activated 
platinum catalyst, palladium catalyst, rhodium catalyst, 
ruthenium catalyst, nickel catalyst and cobalt catalyst. 

[0067] The heavy hydrogen source to be used for deutera 
tion of a diamine compound includes, a heavy hydrogen gas 
(D2, T2) and a deuterated solvent. In the case Where the 
heavy hydrogen is a deuterium, the deuterated solvent 
includes, for example, deuterated Water (D20), deuterated 
alcohols such as deuterated methanol, deuterated ethanol, 
deuterated isopropanol, deuterated butanol, deuterated tert 
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butanol, deuterated pentanol, deuterated hexanol, deuterated 
heptanol, deuterated octanol, deuterated nonanol, deuterated 
decanol, deuterated undecanol and deuterated dodecanol; 
deuterated carboxylic acids such as deuterated formic acid, 
deuterated acetic acid, deuterated propionic acid, deuterated 
butyric acid, deuterated isobutyric acid, deuterated valeric 
acid, deuterated isovaleric acid and deuterated pivalic acid; 
deuterated ketones such as deuterated acetone, deuterated 
methyl ethyl ketone, deuterated methyl isobutyl ketone, 
deuterated diethyl ketone, deuterated dipropyl ketone, deu 
terated diisopropyl ketone and deuterated dibutyl ketone; 
and organic solvents such as deuterated dimethyl sulfoxide. 
Among these, deuterated Water and deuterated alcohols are 
preferable, and speci?cally deuterated Water and deuterated 
methanol are more preferable. Deuterated Water is particu 
larly preferable in vieW of ecology and operability. In the 
case Where the heavy hydrogen is a tritium, the deuterated 
solvent includes, for example, tritiated Water (T20). 

[0068] A deuterated solvent having at least 1 hydrogen 
atom in the molecule deuterated is useful. For example, 
deuterated alcohols having the hydrogen atom of the 
hydroxyl group deuterated and deuterated carboxylic acids 
having the hydrogen atom of the carboxyl group deuterated 
can be used for the deuteration method of diamine com 
pounds. HoWever, a solvent having all hydrogen atoms in 
the molecule deuterated is particularly preferable. 

[0069] The more deuteration source is used, the further 
deuteration of a diamine compound proceeds. Considering 
an economical aspect, hoWever, the loWer limit of the 
amount of the heavy hydrogen atom contained in a heavy 
hydrogen source is preferable in the order of equimole, l0 
molar times, 20 molar times, 30 molar times and 40 molar 
times, Whereas the upper limit of the amount is preferable in 
the order of 250 molar times and 150 molar times, based on 
the amount of the deuteratable hydrogen atom in a substrate, 
that is, a light hydrogen diamine compound. 

[0070] A reaction solvent may be used as necessary in 
deuteration of a diamine compound relating to the present 
invention. In the case of a liquid diamine compound as a 
reaction substrate, a reaction solvent is not necessary to use 
even When a heavy hydrogen gas is used as a heavy 
hydrogen source. When a deuterated solvent is used as a 
heavy hydrogen source, a reaction solvent is not necessary 
to use even in the case of a solid diamine compound as a 

reaction substrate. HoWever, an appropriate reaction solvent 
is necessary to use When a reaction substrate is solid and a 
heavy hydrogen source is a heavy hydrogen gas. 

[0071] Because a reaction system to deuterate a diamine 
compound may be in a suspended state, a solvent that hardly 
dissolves the diamine compound can be used as a reaction 
solvent to be used as necessary, but a solvent that easily 
dissolves a diamine compound is preferable. The speci?c 
example of the reaction solvent includes organic solvents 
Which are not deuterated by a heavy hydrogen gas, com 
prising ethers such as dimethyl ether, diethyl ether, diiso 
propyl ether, ethylmethyl ether, tert-butylmethyl ether, 1,2 
dimethoxyethane, oxirane, l,4-dioxane, dihydropyrane and 
tetrahydrofuran; aliphatic hydrocarbons such as hexane, 
heptane, octane, nonane, decane and cyclohexane; and 
organic solvents Which can be used as a heavy hydrogen 
source of the present invention even if deuterated by a heavy 
hydrogen gas, comprising alcohols such as methanol, etha 
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nol, isopropanol, butanol, tert-butanol, pentanol, hexanol, 
heptanol, octanol, nonanol, decanol, undecanol and dode 
canol; carboxylic acids such as formic acid, acetic acid, 
propionic acid, butyric acid, isobutyric acid, valeric acid, 
isovaleric acid and pivalic acid; ketones such as acetone, 
methyl ethyl ketone, methyl isobutyl ketone, diethyl ketone, 
dipropyl ketone, diisopropyl ketone and dibutyl ketone; and 
dimethylsulfoxide. 
[0072] The catalyst to be used in deuteration of a diamine 
compound relating to the present invention, Which is 
selected from an activated platinum catalyst, palladium 
catalyst, rhodium catalyst, ruthenium catalyst, nickel cata 
lyst and cobalt catalyst (hereinafter may be abbreviated as an 
“activated catalyst”) refers to a catalyst activated by bring 
ing the so-called platinum catalyst, palladium catalyst, 
rhodium catalyst, ruthenium catalyst, nickel catalyst or 
cobalt catalyst (hereinafter may be abbreviated as a “non 
activated catalyst” or simply a “catalyst”) into contact With 
hydrogen gas or heavy hydrogen gas. 

[0073] Deuteration of a diamine compound relating to the 
present invention may be carried out using a catalyst acti 
vated in advance. Activation of a catalyst and deuteration of 
a substrate may be carried out at the same time under 
coexistence of the non-activated catalyst and hydrogen gas 
or heavy hydrogen gas in the deuteration reaction system. 

[0074] When deuteration is carried out using a catalyst 
activated in advance by hydrogen gas or heavy hydrogen 
gas, a gas phase in a deuteration reactor may be replaced by 
an inert gas such as nitrogen and argon. 

[0075] To carry out a deuteration reaction of the present 
invention in the presence of hydrogen gas or heavy hydro 
gen gas in the reaction system, the hydrogen gas or heavy 
hydrogen gas may be passed directly through a reaction 
solution, or the gas phase in a deuteration reactor may be 
replaced by the hydrogen gas or heavy hydrogen gas. 
[0076] In deuteration of a diamine compound relating to 
the present invention, a reactor is preferably under a sealed 
or a nearly-sealed condition resulting in a pressuriZed con 
dition of the reaction system. The nearly-sealed condition is 
applied to the reaction such as the so-called continuous 
reaction Where a reaction substrate is continuously injected 
to a reactor and a reaction product is continuously taken out 
of the reactor. 

[0077] When a reactor is under a sealed condition in 
deuteration of a diamine compound relating to the present 
invention, the reaction temperature can be easily raised 
leading to ef?cient deuteration. 

[0078] The catalyst to be used for deuteration of a diamine 
compound relating to the present invention includes a plati 
num catalyst, a palladium catalyst, a rhodium catalyst, a 
ruthenium catalyst, a nickel catalyst and a cobalt catalyst as 
mentioned above, and among these, a palladium catalyst, a 
platinum catalyst and a rhodium catalyst are preferable, With 
a palladium catalyst and a platinum catalyst more preferable 
and a platinum catalyst particularly preferable. Each of these 
catalysts can be effectively used for deuteration of a diamine 
compound by itself or in combination With one another, 
When it is activated by hydrogen gas or heavy hydrogen gas 
in a manner as mentioned above. 

[0079] The palladium catalyst includes one having usually 
0 to 4, preferably 0 to 2 and more preferably 0 valence of a 
palladium atom. 
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[0080] The platinum catalyst includes one having usually 
0 to 4, preferably 0 to 2 and more preferably 0 valence of a 
platinum atom. 

[0081] The rhodium catalyst includes one having usually 
0 or 1, preferably 0 valence of a rhodium atom. 

[0082] The ruthenium catalyst includes one having usually 
0 to 2, preferably 0 valence of a ruthenium atom. 

[0083] The nickel catalyst includes one having usually 0 to 
2, preferably 0 valence of a nickel atom. 

[0084] The cobalt catalyst includes one having usually 0 
or 1, preferably 1 valence of a cobalt atom. 

[0085] The above catalyst may be a metal itself, a metal 
oxide, a metal halide, a metal acetate or a metal having a 
ligand, or may be a metal itself, a metal oxide, a metal 
halide, a metal acetate or a metal complex, that is supported 
on various carriers. 

[0086] Hereinafter, a catalyst supported on a carrier may 
be abbreviated as a “carrier-supported metal catalyst”, and a 
catalyst not supported on a carrier may be abbreviated as a 
“metal catalyst”. 

[0087] The ligand of a metal catalyst Which may have a 
ligand among the catalysts to be used for deuteration of a 
diamine compound relating to the present invention 
includes, for example, 1,5-cyclooctadiene (COD), diben 
Zylidene acetone (DBA), bipyridine (BPY), phenanthroline 
(PHE), benZonitrile (PhCN), isocyanide (RNC), triethylars 
ine (As(Et)3), acetylacetonate (acac); an organic phosphine 
ligand such as dimethylphenylphosphine (P(CH3)2Ph), 
diphenylphosphinoferrocene (DPPF), trimethylphosphine 
(P(CH3)3), triethylphosphine (PEt3), tri-tert-butylphosphine 
(PtBu3), tricyclohexylphosphine (PCY3), trimethoxyphos 
phine (P(OCH3)3), triethoxyphosphine (P(OEt)3), tri-tert 
butoxyphosphine (P(OtBu)3), triphenylphosphine (PPh3), 
l,2-bis(diphenylphosphino)ethane (DPPE), triphenoxy 
phosphine (P(OPh)3) and o-tolylphosphine (P(o-tolyl)3). 

[0088] Speci?c examples of the platinum based metal 
catalyst include, for example, Pt; platinum catalysts such as 
PtO2, PtCl4, PtCl2 and K2PtCl4; platinum catalysts Which are 
coordinated With a ligand such as PtCl2(cod), PtCl2(dba), 

[0089] Speci?c examples of the palladium based metal 
catalyst include, for example, Pd; palladium hydroxide 
catalysts such as Pd(OH)2; palladium oxide catalysts such as 
PdO; halogenated palladium catalysts such as PdBr2, PdCl2 
and Pdl2; palladium acetate catalysts such as palladium 
acetate (Pd(OAc)2) and palladium tri?uoroacetate (Pd(O 
COCF3)2); palladium metal complex catalysts Which are 
coordinated With a ligand such as Pd(RNC)2Cl2, Pd(acac)2, 
diacetate-bis-(triphenylphosphine)palladium 
[Pd(OAC)2(PPh3)2]> Pd(PPh3)4> Pd2(dba)3> Pd(NH3)2C12> 
Pd(CH3CN)2Cl2, dichloro-bis-(benZonitrile)palladium 
[Pd(PhCN)2Cl2], Pd(dppe)Cl2, Pd(dppf)Cl2, Pd(PCy3)2Cl2, 
Pd(PPh3)2Cl2, Pd[P(o-tolyl)3]2Cl2, Pd(cod)2Cl2 and 
Pd(PPh3)(CH3CN)2Cl2. 
[0090] Speci?c examples of the rhodium based metal 
catalyst include, for example, Rh and rhodium catalysts 
Which are coordinated With a ligand such as RhCl(PPh3)3. 



US 2008/0045724 A1 

[0091] Speci?c examples of the ruthenium based metal 
catalyst include, for example, Ru and ruthenium catalysts 
Which are coordinated With a ligand such as RuCl2(PPh3)3. 

[0092] Speci?c examples of the nickel based metal cata 
lyst include, for example, Ni; nickel catalysts such as NiCl2 
and NiO; nickel catalysts Which are coordinated With a 
ligand such as NiCl2(dppe), NiCl2(PPh3)2, Ni(PPh3)4, 
Ni(P(OPh)3)4 and Ni(cod)2. 
[0093] Speci?c examples of the cobalt based metal cata 
lyst include, for example, cobalt metal complex catalysts 
Which are coordinated With a ligand such as Co(C3H5) 

[P(OCH3)3]3 

[0094] The carrier, in the case Where the above catalyst is 
supported on a carrier, includes, for example, carbon, alu 
mina, silica gel, Zeolite, molecular sieves, ion-exchange 
resins and polymers, and among these carbon is preferable. 

[0095] The ion exchange resin used as a carrier may be a 
resin having no adverse effect on deuteration of a diamine 

compound, and includes, for example, a cation exchange 
resin and an anion exchange resin. 

[0096] The cation exchange resin includes, for example, a 
Weak acidic cation exchange resin and a strong acidic cation 
exchange resin. The anion exchange resin includes, for 
example, a Weak basic anion exchange resin and a strong 
basic anion exchange resin. 

[0097] The ion exchange resin generally contains a poly 
mer cross-linked With a bifunctional monomer as a skeleton 

polymer, to Which an acidic group or a basic group is 
bonded, and then is exchanged by various cations or anions 
(counter ions), respectively. 

[0098] Speci?c examples of the Weak acidic cation 
exchange resin include, for example, a resin obtained by 
hydrolysis of a polymer of an acrylic ester or a methacrylic 
ester cross-linked With divinylbenZene. 

[0099] Speci?c examples of the strong acidic cation 
exchange resin include, for example, a resin obtained by 
sulfonation of a styrene-divinylbenZene copolymer. 

[0100] Speci?c examples of the strong basic anion 
exchange resin include, for example, a resin obtained by 
bonding an amino group to an aromatic ring of a styrene 
divinylbenZene copolymer. 

[0101] Strength of basicity of a basic anion exchange resin 
increases With an amino group of in the order of a primary 
amino group, a secondary amino group, a tertiary amino 
group and a quaternary ammonium salt. 

[0102] An ion exchange resin generally available on the 
market as Well as the above ion exchange resin may be used 
as a carrier of a catalyst to be used for deuteration of the 
present invention. 

[0103] The polymer used as a carrier is not especially 
limited unless it has an adverse effect on deuteration of a 
diamine compound, hoWever, an example of such a polymer 
includes one obtained by polymeriZation or copolymer‘iZa 
tion of a monomer shoWn by the folloWing general formula 
[711 
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[0104] General formula [7]: 

(Wherein R3 indicates a hydrogen atom, a loWer alkyl group, 
a carboxyl group, a carboxyalkyl group, an alkoxycarbonyl 
group, a hydroxyalkoxycarbonyl group, a cyano group or a 
formyl group; R4 indicates a hydrogen atom, a loWer alkyl 
group, a carboxyl group, an alkoxycarbonyl group, a 
hydroxyalkoxycarbonyl group, a cyano group or a halogen 
atom; R5 indicates a hydrogen atom, a loWer alkyl group, a 
haloalkyl group, a hydroxyl group, an aryl group Which may 
have a substituent, an aliphatic heterocyclic group, an aro 
matic heterocyclic group, a halogen atom, an alkoxycarbo 
nyl group, a hydroxyalkoxycarbonyl group, a sulfo group, a 
cyano group, a cyano-containing alkyl group, an acyloxy 
group, a carboxyl group, a carboxyalkyl group, an aldehyde 
group, an amino group, an aminoalkyl group, a carbamoyl 
group, an N-alkylcarbamoyl group or a hydroxyalkyl group; 
and R3 and R4 may form an alicyclic ring together With the 
adjacent 4C=Ci bond). 

[0105] In general formula [7], the loWer alkyl group 
indicated by R3 to R5 may be straight chained, branched or 
cyclic, and includes, for example, an alkyl group having 1 to 
6 carbon atoms, Which are speci?cally exempli?ed by, a 
methyl group, an ethyl group, a n-propyl group, an isopropyl 
group, a n-butyl group, an isobutyl group, a sec-butyl group, 
a tert-butyl group, a n-pentyl group, an isopentyl group, a 
sec-pentyl group, a tert-pentyl group, a l-methylpentyl 
group, a neopentyl group, a n-hexyl group, an isohexyl 
group, a sec-hexyl group, a tert-hexyl group, a neohexyl 
group, a cyclopropyl group, a cyclopentyl group and a 
cyclohexyl group. 

[0106] The carboxyalkyl group indicated by R3 and R5 
includes, for example, one Wherein a part of hydrogen atoms 
of the above loWer alkyl group are replaced by a carboxyl 
group, and Which are speci?cally exempli?ed by, for 
example, a carboxymethyl group, a carboxyethyl group, a 
carboxypropyl group, a carboxybutyl group, a carboxypen 
tyl group and a carboxyhexyl group. 

[0107] The alkoxycarbonyl group indicated by R3 to R5 
includes preferably, for example, one having 2 to 11 carbon 
atoms and speci?cally, for example, a methoxycarbonyl 
group, an ethoxycarbonyl group, a propoxycarbonyl group, 
a butoxycarbonyl group, a pentyloxycarbonyl group, a hexy 
loxycarbonyl group, a heptyloxycarbonyl group, an 2-eth 
ylhexyloxycarbonyl group, an octyloxycarbonyl group, a 
nonyloxycarbonyl group and a decyloxycarbonyl group. 

[0108] The hydroxyalkoxycarbonyl group indicated by R3 
to R5 includes one, Wherein a part of hydrogen atoms of the 
above alkoxycarbonyl group having 2 to 11 carbon atoms 
are replaced by a hydroxyl group, Which are speci?cally 
exempli?ed by, for example, a hydroxymethoxycarbonyl 
group, a hydroxyethoxycarbonyl group, a hydroxypropoxy 
carbonyl group, a hydroxybutoxycarbonyl group, a 
hydroxypentyloxycarbonyl group, a hydroxyhexyloxycar 
bonyl group, a hydroxyheptyloxycarbonyl group, a 
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hydroxyoctyloxycarbonyl group, a hydroxynonyloxycarbo 
nyl group and a hydroxydecyloxycarbonyl group. 

[0109] The halogen atom indicated by R4 and R5 includes, 
for example, ?uorine, chlorine, bromine and iodine. 

[0110] The haloalkyl group indicated by R5 includes, for 
example, a group having 1 to 6 carbon atoms that is formed 
by halogenating (e.g., ?uorinating, chlorinating, brominat 
ing and iodinating) the above loWer alkyl group of l to 6 
carbon atoms indicated by R3 to R5, Which are speci?cally 
exempli?ed by, for example, a chloromethyl group, a bro 
momethyl group, a tri?uoromethyl group, a 2-chloroethyl 
group, a 3-chloropropyl group, a 3-bromopropyl group, a 
3,3,3-tri?uoropropyl group, a 4-chlorobutyl group, a 5-chlo 
ropentyl group and a 6-chlorohexyl group. 

[0111] The aryl group of the aryl group Which may have a 
substituent includes a group having 6 to 10 carbon atoms 
Which are speci?cally exempli?ed by, for example, a phenyl 
group, a tolyl group, a xylyl group and a naphthyl group, and 
said substituent includes, for example, an amino group, a 
hydroxyl group, a loWer alkoxy group having 1 to 6 carbon 
atoms and a carboxyl group. Speci?c examples of the 
substituted aryl group include, for example, an aminophenyl 
group, a toluidino group, a hydroxyphenyl group, a meth 
oxyphenyl group, a tert-butoxyphenyl group and a carbox 
yphenyl group. 

[0112] The aliphatic heterocyclic group includes, for 
example, a 5- or 6-membered ring having 1 to 3 hetero atoms 
such as a nitrogen atom, an oxygen atom and a sulfur atom, 
and speci?cally, for example, a pyrrolidyl-2-one group, a 
piperidyl group, a piperidino group, a piperaZinyl group and 
a morpholino group. 

[0113] The aromatic heterocyclic group includes, for 
example, a 5- or 6-membered ring having 1 to 3 hetero atoms 
such as a nitrogen atom, an oxygen atom and a sulfur atom, 
and speci?cally, for example, a pyridyl group, an imidaZolyl 
group, a thiaZolyl group, a furanyl group and a pyranyl 
group. 

[0114] The cyano-containing alkyl group includes, for 
example, a group formed by replacing part of hydrogen 
atoms of the above loWer alkyl group having 1 to 6 carbon 
atoms by cyano groups, and speci?cally, for example, a 
cyanomethyl group, a 2-cyanoethyl group, a 2-cyanopropyl 
group, a 3-cyanopropyl group, a 2-cyanobutyl group, a 
4-cyanobutyl group, a 5-cyanopentyl group and a 6-cyano 
hexyl group. 

[0115] The acyloxy group includes, for example, a group 
derived from a carboxylic acid having 2 to 20 carbon atoms 
and Which are speci?cally exempli?ed by, for example, an 
acetyloxy group, a propionyloxy group, a butyryloxy group, 
a pentanoyloxy group, a nonanoyloxy group, a decanoyloxy 
group and a benZoyloxy group. 

[0116] The aminoalkyl group includes a group formed by 
replacing part of hydrogen atoms of the above loWer alkyl 
group having 1 to 6 carbon atoms by amino groups, and 
speci?cally, for example, an aminomethyl group, an amino 
ethyl group, an aminopropyl group, an aminobutyl group, an 
aminopentyl group and an aminohexyl group. 

[0117] The N-alkylcarbamoyl group includes a group 
formed by replacing part of hydrogen atoms of a carbamoyl 
group by the above loWer alkyl group having 1 to 6 carbon 
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atoms, and speci?cally, for example, an N-methylcarbamoyl 
group, an N-ethylcarbamoyl group, an N-n-propylcarbam 
oyl group, an N-isopropylcarbamoyl group, an N-n-butyl 
carbamoyl group and an N-tert-butylcarbamoyl group. 

[0118] The hydroxyalkyl group includes a group formed 
by replacing part of hydrogen atoms of the above loWer alkyl 
group having 1 to 6 carbon atoms by hydroxyl groups, and 
speci?cally, for example, a hydroxymethyl group, a 
hydroxyethyl group, a hydroxypropyl group, a hydroxybutyl 
group, a hydroxypentyl group and a hydroxyhexyl group. 

[0119] The alicyclic ring in the case Where R3 and R4 are 
bonded together With the adjacent 4C=Ci group to form 
an alicyclic ring, may be monocyclic or polycyclic and 
includes, for example, an unsaturated alicyclic ring having 5 
to 10 carbon atoms, and speci?cally, for example, a nor 
bornene ring, a cyclopentene ring, a cyclohexene ring, a 
cyclooctene ring and a cyclodecene ring. 

[0120] The speci?c examples of the monomer represented 
by the general formula [7] include ethylenically unsaturated 
aliphatic hydrocarbons having 2 to 20 carbon atoms such as 
ethylene, propylene, butylene and isobutylene; ethylenically 
unsaturated aromatic hydrocarbons having 8 to 20 carbon 
atoms such as styrene, 4-methylstyrene, 4-ethylstyrene and 
divinylbenZene; alkenyl esters having 3 to 20 carbon atoms 
such as vinyl formate, vinyl acetate, vinyl propionate and 
isopropenyl acetate; halogen-containing ethylenically unsat 
urated compounds having 2 to 20 carbon atoms such as vinyl 
chloride, vinylidene chloride, vinylidene ?uoride and tet 
ra?uoroethylene; ethylenically unsaturated carboxylic acids 
having 3 to 20 carbon atoms such as acrylic acid, meth 
acrylic acid, itaconic acid, maleic acid, fumaric acid, cro 
tonic acid, vinylacetic acid, allylacetic acid and vinylbenZoic 
acid (These acids may take a form of a salt of an alkali metal 
such as sodium and potassium or an ammonium salt.); 
ethylenically unsaturated carboxylic esters such as methyl 
methacrylate, ethyl methacrylate, propyl methacrylate, butyl 
methacrylate, 2-ethylhexyl methacrylate, methyl acrylate, 
ethyl acrylate, propyl acrylate, butyl acrylate, 2-ethylhexyl 
acrylate, lauryl methacrylate, stearyl acrylate, methyl ita 
conate, ethyl itaconate, methyl maleate, ethyl maleate, 
methyl fumarate, ethyl fumarate, methyl crotonate, ethyl 
crotonate and methyl 3-butenoate; cyano-containing ethyl 
enically unsaturated compounds having 3 to 20 carbon 
atoms such as acrylonitrile, methacrylonitrile and allyl cya 
nide; ethylenically unsaturated amide compounds having 3 
to 20 carbon atoms such as acrylamide and methacrylamide; 
ethylenically unsaturated aldehydes having 3 to 20 carbon 
atoms such as acrolein and crotonaldehyde; ethylenically 
unsaturated sulfonic acids having 2 to 20 carbon atoms such 
as vinylsulfonic acid and 4-vinylbenZene sulfonic acid 
(These acids may take a form of a salt of an alkali metal such 
as sodium and potassium.); ethylenically unsaturated ali 
phatic amines having 2 to 20 carbon atoms such as viny 
lamine and allylamine; ethylenicically unsaturated aromatic 
amines having 8 to 20 carbon atoms such as vinylaniline; 
ethylenically unsaturated aliphatic heterocyclic amines hav 
ing 5 to 20 carbon atoms such as N-vinylpyrrolidone and 
vinylpiperidine; ethylenically unsaturated alcohols having 3 
to 20 carbon atoms such as allyl alcohol and crotyl alcohol; 
ethylenically unsaturated phenols having 8 to 20 carbon 
atoms such as 4-vinylphenol and the like. 

[0121] When the above polymers and the like are used as 
a carrier, a carrier that is hardly deuterated itself in deutera 
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tion of a diamine compound is preferably used. However, a 
catalyst supported on a deuteratable carrier itself can also be 
used for deuteration of the present invention. 

[0122] In deuteration of a light hydrogen diamine com 
pound relating to the present invention, a carrier-supported 
palladium catalyst, a carrier-supported platinum catalyst or 
a carrier-supported rhodium catalyst is preferably used 
among various carrier-supported catalysts, and a carrier 
supported palladium catalyst, a carrier-supported platinum 
catalyst and a mixture thereof are more preferably used. 

[0123] In the carrier-supported catalyst, content of the 
catalyst metal, Which is palladium, platinum, rhodium, 
ruthenium, nickel or cobalt, is usually 1 to 99% by Weight, 
preferably 1 to 50% by Weight, more preferably 1 to 30% by 
Weight, still more preferably 1 to 20% by Weight, and 
particularly preferably 1 to 10% by Weight, based on the 
total amount of the catalyst. 

[0124] In deuteration of a light hydrogen diamine com 
pound relating to the present invention, the amount of an 
activated catalyst or a non-activated catalyst to be used is 
usually a so-called catalyst amount, preferably in the order 
of, 0.01 to 200% by Weight, 0.01 to 100% by Weight, 0.01 
to 50% by Weight, 0.01 to 20% by Weight, 0.1 to 20% by 
Weight, 1 to 20% by Weight and 10 to 20% by Weight, based 
on a light hydrogen diamine compound to be used as a 
reaction substrate regardless of Whether the catalyst is 
supported by a carrier or not, and the upper limit content of 
the catalyst metal in said Whole catalyst is preferably in the 
order of, 20% by Weight, 10% by Weight, 5% by Weight and 
2% by Weight, Whereas the loWer limit content is preferably 
in the order of, 0.0005% by Weight, 0.005% by Weight, 
0.05% by Weight and 0.5% by Weight. 

[0125] In deuteration of a diamine compound, a combined 
catalyst of 2 or more catalysts among the above various 
catalysts can be used and sometimes serves to improve a 
deuteration ratio. Such a combination of catalysts includes, 
for example, a combination of a palladium catalyst and a 
platinum catalyst, a ruthenium catalyst or a rhodium cata 
lyst, a combination of a platinum catalyst and a ruthenium 
catalyst or a rhodium catalyst, and a combination of a 
ruthenium catalyst and a rhodium catalyst. Among these 
combinations, a combination of a palladium catalyst and a 
platinum catalyst is preferable, and one or both of them may 
be supported by a carrier. Preferable speci?c examples 
include a combination of a palladium carbon and a platinum 
carbon. 

[0126] The amount of the catalysts to be used in combi 
nation of 2 or more catalysts may be set so that the total 
amount of the catalysts in the combination may become the 
above mentioned amount of a catalyst. The ratio of the 
amount of each catalyst to be used is not particularly limited. 
For example, in the case Where the above combination of a 
palladium carbon and a platinum carbon, the Weight of 
palladium in the catalyst may be set usually 0.01 to 100 
times, preferably 0.1 to 10 times, more preferably 0.2 to 5 
times, relative to the Weight of platinum. 

[0127] In the case Where a non-activated catalyst is used in 
deuteration of a diamine compound, the amount of hydrogen 
to be used When the hydrogen is present in the reaction 
system to activate a non-activated so catalyst may be the 
necessary amount to activate the catalyst, usually 1 to 
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20,000 equivalents and preferably 10 to 700 equivalents, 
based on the catalyst, because an excessive amount of 
hydrogen hydrogenates a deuterated solvent served as a 
heavy hydrogen source or loWers a ratio of heavy hydrogen 
served as a heavy hydrogen source in the reaction system 
have an adverse effect on the deuteration reaction of a 
diamine compound. 

[0128] In the case Where heavy hydrogen is used to 
activate a catalyst in the reaction system, the amount of the 
heavy hydrogen to be used When the hydrogen is present 
may be enough to activate the catalyst and usually 1 to 
20,000 equivalents and preferably 10 to 700 equivalents, 
based on the catalyst. HoWever, because said heavy hydro 
gen can be used also as a heavy hydrogen source, an 
excessive amount of the heavy hydrogen can carry out 
deuteration of a diamine compound Without any problem. 

[0129] With regard to reaction temperature in deuteration 
of a light hydrogen diamine compound relating to the 
present invention, the loWer limit is usually 100 C., prefer 
ably in the order of 20° C., 40° C., 60° C., 80° C., 110° C., 
140° C. and 160° C., Whereas the upper limit is usually 300° 
C., preferably in the order of 200° C. and 180° C. 

[0130] Reaction time for deuteration is usually 30 minutes 
to 72 hours, preferably 1 to 48 hours, more preferably 3 to 
30 hours and still more preferably 6 to 24 hours. 

[0131] Deuteration of a light hydrogen diamine compound 
relating to the present invention is speci?cally described by 
taking as an example the case to use a heavy Water as a 
heavy hydrogen source and use a mixed catalyst of a 
palladium carbon (Pd/C) (Pd content: 10%) and a platinum 
carbon (Pt/C) (Pt content: 5%) as a non-activated catalyst. 

[0132] For example, 1 mole of a light hydrogen diamine 
compound (substrate) corresponding to a deuterated diamine 
compound represented by the general formula [4] relating to 
the present invention and a mixed catalyst composed of 0.1 
to 1% by Weight of Pd/C based on the substrate that is 
activated in advance in contact With hydrogen gas and 0.1 to 
1% by Weight of Pt/C based on the substrate that is activated 
in advance in contact With hydrogen gas are added to 
deuterated Water the amount of Which is enough to contain 
10 to 150 molar times of heavy hydrogen atoms based on the 
deuteratable hydrogen atoms of the substrate. The reactor is 
sealed and has its gas phase replaced by an inert gas. 
Reaction is carried out at about 110 to 200° C. in an oil bath 
for about 1 to 48 hours under stirring, to easily obtain the 
deuterated diamine compound represented by the general 
formula 

[0133] The amount of the heavy hydrogen atoms that are 
contained in an aromatic hydrocarbon group indicated by R2 
in the obtained deuterated diamine compound represented 
by the general formula [4] is usually 20% or more, prefer 
ably 20 to 100%, more preferably 40 to 100%, still more 
preferably 60 to 100% and further still more preferably 80 
to 100%, based on the amount of the hydrogen atoms that are 
contained in the aromatic hydrocarbon group. 

[0134] In the method for producing a deuterated polyamic 
acid compound of the present invention, it is desirable that 
the above reaction of an acid anhydride represented by the 
general formula [3] and a deuterated diamine compound 
represented by the general formula [4] be carried out in a 
suitable solvent. 
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[0135] The solvent to be used may be a polar solvent 
dissolving an acid anhydride and a deuterated diamine 
compound, Which is speci?cally exempli?ed by an amide 
based solvent such as dimethylacetamide, N-methylpyrroli 
done and dimethylforrnamide; a sulfoxide-based solvent 
such as dimethyl sulfoxide and diethyl sulfoxide; and a 
phenol-based solvent such as phenol and o-, m- and 
p-cresols. 

[0136] The reaction temperature of an acid anhydride and 
a deuterated diamine compound in the production method of 
the present invention is usually 0 to 50° C., preferably 10 to 
40° C. and more preferably 15 to 35° C. 

[0137] The reaction time of an acid anhydride and a 
deuterated diamine compound is usually 0.1 to 5 hours, 
preferably 0.5 to 3 hours and more preferably 1 to 2 hours. 

[0138] A deuterated polyimide compound represented by 
the general formula [1] relating to the present invention can 
be easily obtained by a ring closure reaction (hereinafter, 
may be abbreviated as “cycliZation step”) of a deuterated 
polyamic acid compound represented by the general formula 
[2]. The deuterated polyamic acid compound to be used is 
preferably obtained by the above mentioned method. 

[0139] The above ring closure reaction may be usually 
carried out by a ring closure reaction in this ?eld and 
includes speci?cally, for example, a cycliZation under heat 
ing and a chemical cycliZation in the presence of a basic 
catalyst and a dehydrating agent. 

[0140] In the case Where a deuterated polyamic acid 
compound is subjected to a ring closure reaction under 
heating as mentioned above, the reaction temperature is 
usually 150 to 500° C., preferably 250 to 400° C. and more 
preferably 250 to 350° C., and the reaction time is usually 
0.1 to 10 hours, preferably 1 to 5 hours and more preferably 
1 to 2 hours. 

[0141] In the case Where a deuterated polyamic acid 
compound is subjected to a chemical cycliZation in the 
presence of a basic catalyst and a dehydrating agent as 
mentioned above, the basic catalyst to be used includes, for 
example, pyridine, triethylamine and quinoline, and the 
amount to be used is usually 3 to 30 molar times based on 
1 mole of the repeating unit of the deuterated polyamic acid 
compound. 

[0142] The dehydrating agent to be used in a chemical 
cycliZation includes, for example, acetic anhydride, propi 
onic anhydride and tri?uoroacetic anhydride, and the 
amount to be used is 1.5 to 20 molar times based on 1 mole 
of the repeating unit of the polyamic acid compound. 

[0143] The reaction temperature in a chemical cycliZation 
in the presence of a basic catalyst and a dehydrating agent 
is usually 20 to 200° C. 

[0144] As a deuterated polyamic acid compound to be 
used in the above cycliZation step, it is also possible to use 
a reaction solution as it is, Which is one containing the 
deuterated polyamic acid compound (reaction intermediate) 
represented by the general formula [2], obtained after react 
ing an acid anhydride represented by the general formula [3] 
and a deuterated diamine compound represented by the 
general formula [4] in the similar Way to the above produc 
tion method of a deuterated polyamic acid compound. 

Feb. 21, 2008 

[0145] A deuterated polyimide compound represented by 
the general formula [1], obtained by the production method 
of the present invention has an extremely higher deuteration 
ratio compared With conventional polyimide compounds 
and therefore is useful as a raW material of a polymer for an 
optical Waveguide that has excellent transparency and heat 
resistance, loW moisture absorption, a small optical trans 
mission loss, a high refractive index and good adhesion to a 
base material or a substrate. 

[0146] A deuterated polyimide compound having a deu 
teration ratio of usually 20 to 100%, preferably 40 to 100%, 
more preferably 60 to 100% and still more preferably 80 to 
100%, based on the total deuteratable hydrogen atoms 
contained in the deuterated polyimide compound repre 
sented by the general formula [1] shoWs the above properties 
remarkably and thus is particularly desirable as a raW 
material of a polymer for an optical Waveguide. In particular, 
a deuterated polyimide compound containing a divalent 
aromatic hydrocarbon group having a heavy hydrogen atom 
indicated by R2 in the general formula [1] that has a ratio of 
heavy hydrogen atoms of usually 20% or more, preferably 
40% or more, more preferably 60% or more and still more 

preferably 80% or more, based on the hydrogen atoms 
contained therein is useful as a raW material polymer for an 
optical Waveguide. 
[0147] It can be said that a deuterated polyamic acid 
compound represented by the general formula [2], obtained 
by the production method of the present invention is an 
important reaction intermediate or raW material for produc 
ing a deuterated polyimide compound useful as a raW 
material of a polymer for an optical Waveguide. 

[0148] When a deuterated polyimide compound repre 
sented by the general formula [1], obtained by the produc 
tion method of the present invention is used as a raW 
material polymer for an optical Waveguide, the deuterated 
polyimide compound is preferably used as a ?lm. 

[0149] A method for ?lm formation of a deuterated poly 
imide compound is not limited as long as it is based on a 
conventional ?lm formation step in this ?eld using the 
obtained deuterated polyimide compound, and includes, for 
example, a method of carrying out a cycliZation step for 
producing a deuterated polyimide compound from a deuter 
ated polyamic acid compound and a ?lm formation step of 
the obtained deuterated polyimide compound at the same 
time. Speci?cally, for example, a deuterated polyamic acid 
compound represented by the general formula [2] of the 
present invention is cast on a glass Petri dish or the like and 
then subjected to a ring closure reaction under heating to 
obtain a ?lm of the deuterated polyimide compound directly 
from the deuterated polyamic acid compound as the inter 
mediate. 

[0150] When carrying out a step for cycliZation and a step 
for ?lm formation at the same time as mentioned above, a 
cycliZation reaction is carried out under heating, and the 
heating temperature may be similar to the reaction tempera 
ture for cycliZation of a deuterated polyamic acid compound 
as mentioned above. A rapid rise of reaction temperature is 
dangerous due to, for example, abrupt evaporation of a 
solvent such as an organic solvent, and also brings about a 
higher volume shrinkage factor through dehydration caused 
by the rapid ring closure reaction leading to foaming or 
cracking in the obtained ?lm. HoWever, it is desirable to 
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carry out tWo-stage heating or to heat gradually from a room 
temperature through an evaporation temperature of a solvent 
up to a completion temperature of a ring closure reaction. 

[0151] In tWo-stage heating, the temperature is not limited 
as long as it does not cause above problems. In the case 
Where the solvent used in synthesizing a deuterated 
polyamic acid compound is contained in the compound, the 
initial temperature may be a temperature at Which the 
solvent evaporates and is usually 40 to 250° C., preferably 
100 to 250° C. and more preferably 150 to 250° C. The next 
temperature may be a temperature at Which the ring closure 
reaction proceeds and is usually 190 to 500° C., preferably 
250 to 400° C. and more preferably 250 to 350° C. The time 
of the ring closure reaction is usually 0.1 to 10 hours, 
preferably 1 to 5 hours and more preferably 1 to 2 hours. 

[0152] When intending to form a ?lm of a deuterated 
polyimide compound having good processability under 
more stable conditions Without suffering a ?lm loss or 
reduced ?lm thickness, it is desirable to take the method of 
carrying out a ring closure reaction under heating (cycliZa 
tion under heating) or a ring closure reaction in the presence 
of a basic catalyst and a dehydrating agent (chemical 
cycliZation), depositing by an ordinary method the deuter 
ated polyimide compound obtained in the above cycliZation 
step and then dissolving the deposit in a suitable solvent, 
folloWed by applying and drying by an ordinary method 
such as a spin coating method and a casting method to form 
a ?lm easily. 

[0153] The method for ?lm formation is speci?cally 
described in detail taking the spin coating method as an 
example. The method comprises dissolving an obtained 
deuterated polyimide compound in a suitable solvent, ?lter 
ing the solution, applying the ?ltrate on a substrate such as 
a silicon Wafer by spin coating and then heating at 100 to 
250° C. on a hot plate for 0.5 to 2 hours to form a ?lm of the 
deuterated polyimide compound. 

[0154] The solvent to be used in forming a ?lm is not 
particularly limited as long as it dissolves the deuterated 
polyimide compound. The solvent includes speci?cally, for 
example, N-methyl-2-pyrrolidone (NMP), N,N-dimethyl 
formamide (DMF) and dimethyl sulfoxide (DMSO). 

[0155] The deuterated polyimide compound represented 
by the general formula [1], obtained by the production 
method of the present invention includes one preferably 
soluble in the solvent to be used for the ?lm formation When 
subjected to ?lm formation after depositing, and such deu 
terated polyimide compound is shoWn beloW. 

[0156] The alicyclic hydrocarbon group in the tetravalent 
alicyclic hydrocarbon group indicated by R1 in the general 
formula [1] that may have a heavy hydrogen atom is 
preferably a group derived from a polycyclic ring and 
includes speci?cally, for example, a monocyclic ring such as 
a cyclobutane ring, a cyclopentane ring, a cyclohexane ring, 
a cycloheptane ring, a cyclooctane ring, a cyclononane ring, 
a cyclodecane ring, a cycloundecane ring and a cyclodode 
cane ring; a polycyclic ring formed by combining a feW 
cross-linked rings such as a norbomane ring and a bicyclo 
[2.2.2]oct-2-ene ring at optional positions; and a tetravalent 
group derived from the above cross-linked rings and the like. 

[0157] The aromatic hydrocarbon group in the tetravalent 
aromatic hydrocarbon group that may have a heavy hydro 
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gen atom, indicated by R1 is preferably a group represented 
by the general formula [5], more preferably a group Where 
A in the general formula [5] is an oxygen atom, a carbonyl 
group, a direct-linkage or a sulfonyl group, still more 
preferably a group Where A is an oxygen atom, a carbonyl 
group or a direct-linkage and further still more preferably a 
group Where A is an oxygen atom. 

[0158] The tetravalent aromatic hydrocarbon group has 
preferably an allyl substituent, more preferably 1 to 4 alkyl 
substituents having 1 to 6 carbon atoms. 

[0159] The symbol p in the general formula [5] is prefer 
ably an integer of 0 or 1. 

[0160] The divalent aromatic hydrocarbon group indicated 
by R2 in the general formula [1] is preferably a group 
represented by the general formula [6], more preferably a 
group Where Y in the general formula [6] is a sulfonyl group, 
an oxygen atom, a carbonyl group or an alkylene group, still 
more preferably a group Where Y is a sulfonyl group, an 
oxygen atom or a carbonyl group and further still more 
preferably a group Where Y is a sulfonyl group. 

[0161] The symbol q in the general formula [6] is prefer 
ably an integer of 0 or 1, more preferably an integer of 1. 

[0162] The divalent aromatic hydrocarbon group has pref 
erably an alkyl substituent, more preferably 1 to 4 alkyl 
substituents having 1 to 6 carbon atoms. 

[0163] The present invention is described in more detail 
With reference to the folloWing examples, to Which, hoW 
ever, the present invention is not limited at all. 

EXAMPLES 

Reference Example 1 

Synthesis of Deuterated o-tolidine 

[0164] o-Tolidine of 20 g and a mixed catalyst of 6 g 
composed of 10% Pd/C of 2 g and 5% Pt/C of 4 g Were 
added to deuterated Water (D20) of 680 mL and subjected to 
reaction at about 180° C. for 24 hours. After termination of 
the reaction the reaction solution Was extracted With ethyl 
acetate, folloWed by ?ltering off the mixed catalyst. The 
obtained ?ltrate Was dried using magnesium sulfate, con 
centrated under reduced pressure and then puri?ed by col 
umn chromatography to obtain deuterated o-tolidine of 15.4 
g (yield: 77%). The obtained deuterated o-tolidine Was 
subjected to structural analysis by measuring its 1H-NMR 
and 2H-NMR spectra to shoW an average deuteration ratio of 
82%. 

Example 1 

Synthesis of Deuterated Polyamic Acid Compound 

[0165] Deuterated o-tolidine of 2.364 g (10 mmol) 
obtained in Reference Example 1 and pyromellitic dianhy 
dride of 2.182 g (10 mmol) Were added to dimethylaceta 
mide of 41 g and subjected to reaction at about 25° C. for 
about 2 hours, folloWed by ordinary processing to obtain 4.0 
g of a deuterated polyamic acid compound having the 
folloWing repeating constitution (Weight average molecular 
Weight: 168,000) (yield: 88%). 
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[0166] The IR spectrum of the obtained compound 
showed a small peak derived from CiH bonds in an 

aromatic ring around 3,000 cm_l, Which indicated an 
extremely small number of CiH bonds in the obtained 
compound. The obtained deuterated polyamic acid com 
pound Was subjected to structural analysis by measuring its 
1H-NMR and 2H-NMR spectra to shoW an average deutera 
tion ratio of 70%. 

Example 2 

Synthesis of Deuterated Polyimide Compound 

[0167] 1 g of 10% by Weight dimethylacetamide solution 
of the deuterated polyamic acid compound obtained in 
Example 1 Was cast on a glass Petri dish, heated at about 
200° C. for about 1 hour and then subjected to reaction at 
about 300° C. for about 1 hour to obtain 0.09 g of a 
deuterated polyimide compound having the folloWing 
repeating constitution (yield: 90%). 

o 0 D30 D D CD3 

0 O D D D D 

[0168] The obtained deuterated polyimide compound Was 
subjected to structural analysis by measuring its IR spec 
trum, Which shoWed peaks derived from C=O bonds and 
CiN bonds of the polyimide structure (around 1,730 cm-1 
and around 1,370 cm“1 respectively). It Was thus con?rmed 
that the raW material deuterated polyamic acid compound 
Was cycliZed and the object deuterated polyimide compound 
Was obtained. 

Comparative Example 1 

[0169] o-Tolidine of 1.973 g (10 mmol) not having a 
heavy hydrogen atom and pyromellitic dianhydride of 2.027 
g (10 mmol) Were added to N-methylpyrrolidone of 36 g and 
subjected to reaction at about 25° C. for about 2 hours, 
folloWed by ordinary processing to obtain a polyamic acid 
compound. 1 g of 10% by Weight N-methylpyrrolidone 
solution of the polyamic acid compound Was cast on a glass 
Petri dish, heated at about 200° C. for about 1 hour and then 
subjected to reaction at about 300° C. for about 1 hour to 
obtain 0.1 g of a polyimide compound (yield: 100%). 
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Reference Example 2 

Synthesis of Deuterated 4,4'-methylene 
di-o-toluidine 

[0170] 4,4'-Methylene di-o-toluidine of 20 g (0.09 mol) 
and a mixed catalyst of 6 g composed of 10% Pd/C of 2 g 
and 5% Pt/C of 4 g Were added to deuterated Water (D20) 
of 680 mL and subjected to reaction at about 180° C. for 
about 24 hours. After termination of the reaction, the reac 
tion solution Was extracted With ethyl acetate, folloWed by 
?ltering off the mixed catalyst. The obtained ?ltrate Was 
dried using magnesium sulfate, concentrated under reduced 
pressure and then puri?ed by column chromatography to 
obtain deuterated 4,4'-methylene di-o-toluidine of 6.0 g 
(yield: 30%). The obtained deuterated 4,4'-methylene di-o 
toluidine Was subjected to structural analysis by measuring 
its 1H-NMR and 2H-NMR spectra to shoW an average 
deuteration ratio of 81%. 

Example 3 

Synthesis of Deuterated Polyamic Acid Compound 

[0171] Deuterated 4,4'-methylene di-o-toluidine of 2.404 
g (10 mmol) obtained in Reference Example 2 and pyrom 
ellitic dianhydride of 2.181 g (10 mmol) Were added to 
N-methylpyrrolidone of 41 g and subjected to reaction at 
about 25° C. for about 2 hours, folloWed by ordinary 
processing to obtain 4.0 g of a deuterated polyamic acid 
compound having the folloWing repeating constitution 
(Weight average molecular Weight: 156,000) (yield: 87%). 

D30 D D CD3 

5? I? 
C jiJiC — NH CD2 NH 

HO_ % ?_ OH D D D D 
O O 

Example 4 

Synthesis of Deuterated Polyimide Compound 

[0172] 1 g of 10% by Weight N-methylpyrrolidone solu 
tion of the deuterated polyamic acid compound obtained in 
Example 3 Was cast on a glass Petri dish, heated at about 
200° C. for about 1 hour and then subjected to reaction at 
about 300° C. for about 1 hour to obtain 0.09 g of a 
deuterated polyimide compound having the folloWing 
repeating constitution (yield: 90%). 

O O D3C D D CD3 

O O D D D D 

[0173] The obtained deuterated polyimide compound Was 
subjected to structural analysis by measuring its IR spec 
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trum, Which showed peaks derived from C=O bonds and 
CiN bonds of the polyimide structure (around 1,730 cm-1 
and around 1,370 cm'1 respectively). It Was thus con?rmed 
that the raW material deuterated polyamic acid compound 
Was cycliZed and the object deuterated polyimide compound 
Was obtained. 

Comparative Example 2 

[0174] A polyimide compound Was obtained similarly as 
in Comparative Example 1 except that 10 mmol of 4,4' 
methylene di-o-toluidine not having a heavy hydrogen atom 
Was used instead of 10 mmol of o-tolidine not having a 
heavy hydrogen atom (yield: 98%). 

Reference Example 3 

Synthesis of Deuterated 
3 ,3 ', 5, 5' -tetramethylbenZidine 

[0175] 3,3',5,5'-TetramethylbenZidine of 10 g and a mixed 
catalyst of3 g composed of 10% Pd/C of 1 g and 5% Pt/C 
of 2 g Were added to deuterated Water (D20) of 340 mL and 
subjected to reaction at 180° C. for 24 hours. After termi 
nation of the reaction, the reaction solution Was extracted 
With ethyl acetate, folloWed by ?ltering off the mixed 
catalyst. The obtained ?ltrate Was dried using magnesium 
sulfate, concentrated under reduced pressure and then puri 
?ed by column chromatography to obtain deuterated 3,3',5, 
5'-tetramethylbenZidine of 5.4 g (yield: 54%). The obtained 
deuterated 3,3',5,5'-tetramethylbenZidine Was subjected to 
structural analysis by measuring its 1H-NMR and 2H-NMR 
spectra to shoW an average deuteration ratio of 98%. 

Example 5 

Synthesis of Deuterated Polyamic Acid Compound 

[0176] Deuterated 3,3',5,5'-tetramethylbenZidine of 2.682 
g (10 mmol) obtained in Reference Example 3 and pyrom 
ellitic dianhydride of 2.181 g (10 mmol) Were added to 
N-methylpyrrolidone of 44 g and subjected to reaction at 
about 25° C. for about 2 hours, folloWed by ordinary 
processing to obtain 3.9 g of a deuterated polyamic acid 
compound having the folloWing repeating constitution 
(Weight average molecular Weight: 127,000) (yield: 80%). 

D3C D D CD3 
0 0 
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Example 6 

Synthesis of Deuterated Polyimide Compound 

[0177] 1 g of 10% by Weight N-methylpyrrolidone solu 
tion of the deuterated polyamic acid compound obtained in 
Example 5 Was cast on a glass Petri dish, heated at about 
200° C. for about 1 hour and then subjected to reaction at 
about 300° C. for about 1 hour to obtain 0.09 g of a 
deuterated polyimide compound having the folloWing 
repeating constitution (yield: 90%). 
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[0178] The obtained deuterated polyimide compound Was 
subjected to structural analysis by measuring its IR spec 
trum, Which indicated that the raW material deuterated 
polyamic acid compound Was cycliZed and the object deu 
terated polyimide compound Was obtained. 

Comparative Example 3 

[0179] A polyimide compound Was obtained similarly as 
in Comparative Example 1 except that 10 mmol of 3,3',5, 
5'-tetramethylbenZidine not having a heavy hydrogen atom 
Was used instead of 10 mmol of o-tolidine not having a 
heavy hydrogen atom (yield: 96%). 

Reference Example 4 

Synthesis of Deuterated 4,4'-methylene 
di-2,6-xylidine 

[0180] 4,4'-Methylene di-2,6-xylidine of 10 g and a mixed 
catalyst of 3 g composed of 10% Pd/C of 1 g and 5% Pt/C 
of 2 g Were added to deuterated Water (D20) of 340 mL and 
subjected to reaction at about 180° C. for about 24 hours. 
After termination of the reaction, the reaction solution Was 
extracted With ethyl acetate, folloWed by ?ltering off the 
mixed catalyst. The obtained ?ltrate Was dried using mag 
nesium sulfate, concentrated under reduced pressure and 
then puri?ed by column chromatography to obtain deuter 
ated 4,4'-methylene di-2,6-xylidine of 6.3 g (yield: 63%). 
The obtained deuterated 4,4'-methylene di-2,6-xylidine Was 
subjected to structural analysis by measuring its 1H-NMR 
and 2H-NMR spectra to shoW an average deuteration ratio of 
79%. 

Example 7 

Synthesis of Deuterated Polyamic Acid Compound 

[0181] Deuterated 4,4'-methylene di-2,6-xylidine of 2.724 
g (10 mmol) obtained in Reference Example 4 and pyrom 
ellitic dianhydride of 2.181 g (10 mmol) Were added to 
N-methylpyrrolidone of 44 g and subjected to reaction at 
about 25° C. for about 2 hours, folloWed by ordinary 
processing to obtain 3.8 g of a deuterated polyamic acid 
compound having the folloWing repeating constitution 
(Weight average molecular Weight: 134,000) (yield: 82%). 
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Example 8 

Synthesis of Deuterated Polyimide Compound 

[0182] 1 g of 10% by Weight N-methylpyrrolidone solu 
tion of the deuterated polyamic acid compound obtained in 
Example 7 Was cast on a glass Petri dish, heated at about 
200° C. for about 1 hour and then subjected to reaction at 
about 300° C. for about 1 hour to obtain 0.085 g of a 
deuterated polyimide compound having the following 
repeating constitution (yield: 85%). 

o 0 D3C D D cD3 

o O D3C D D cD3 

[0183] The obtained deuterated polyimide compound Was 
subjected to structural analysis by measuring its IR spec 
trum, Which shoWed peaks derived from C=O bonds and 
CiN bonds of the polyimide structure (around 1,730 cm“1 
and around 1,370 cm“1 respectively). It Was thus con?rmed 
that the raW material deuterated polyamic acid compound 
Was cycliZed and the object deuterated polyimide compound 
Was obtained. 

Comparative Example 4 

[0184] A polyimide compound Was obtained similarly as 
in Comparative Example 1 except that 10 mmol of 4,4' 
methylene di-2,6-xylidine not having a heavy hydrogen 
atom Was used instead of 10 mmol of o-tolidine not having 
a heavy hydrogen atom (yield: 98%). 

Reference Example 5 

Synthesis of Deuterated 
4,4'-diaminodiphenylmethane 

[0185] 4,4'-Diaminodiphenylmethane of 10 g and a mixed 
catalyst of3 g composed of 10% Pd/C of 1 g and 5% Pt/C 
of 2 g Were added to deuterated Water (D20) of 340 mL and 
subjected to reaction at about 180° C. for 24 hours. After 
termination of the reaction, the reaction product Was puri?ed 
similarly as in Reference Example 1 to obtain deuterated 
4,4'-diaminodiphenylmethane of 8 g (yield: 80%). The 
obtained deuterated 4,4-diaminodiphenylmethane Was sub 
jected to structural analysis by measuring its 1H-NMR and 
2H-NMR spectra to shoW an average deuteration ratio of 
96%. 

Example 9 

Synthesis of Deuterated Polyamic Acid Compound 

[0186] Deuterated 4,4'-diaminodiphenylmethane of 10 
mmol obtained in Reference Example 5 and pyromellitic 
dianhydride of 10 mmol Were added to N-methylpyrrolidone 
of 36 g and subjected to reaction at about 25° C. for about 
2 hours, folloWed by ordinary processing to obtain 4 g of a 
deuterated polyamic acid compound having the folloWing 
repeating constitution (Weight average molecular Weight: 
145,000) (yield: 96%). 
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Example 10 

Synthesis of Deuterated Polyimide Compound 
[0187] 1 g of 10% by Weight N-methylpyrrolidone solu 
tion of the deuterated polyamic acid compound obtained in 
Example 9 Was cast on a glass Petri dish, heated at about 
200° C. for about 1 hour and then subjected to reaction at 
about 300° C. for about 1 hour to obtain 0.09 g of a 
deuterated polyimide compound having the folloWing 
repeating constitution (yield: 90%). 

O O D D D D 

O O D D D D 

[0188] The obtained deuterated polyimide compound Was 
subjected to structural analysis by measuring its IR spec 
trum, Which shoWed peaks derived from C=O bonds and 
CiN bonds of the polyimide structure (around 1,730 cm-1 
and around 1,370 cm'1 respectively). It Was thus con?rmed 
that the raW material deuterated polyamic acid compound 
Was cycliZed and the object deuterated polyimide compound 
Was obtained. 

Comparative Example 5 
[0189] A polyimide compound Was obtained similarly as 
in Comparative Example 1 except that 10 mmol of 4,4' 
diaminodiphenylmethane not having a heavy hydrogen atom 
Was used instead of 10 mmol of o-tolidine not having a 
heavy hydrogen atom (yield: 95%). 

Reference Example 6 

Synthesis of Deuterated 4,4'-diaminodiphenyl ether 
[0190] 4,4'-Diaminodiphenyl ether of 10 g and a mixed 
catalyst of 3 g composed of 10% Pd/C of 1 g and 5% Pt/C 
of 2 g Were added to deuterated Water (D20) of 340 mL and 
subjected to reaction at about 180° C. for 24 hours. After 
termination of the reaction, the reaction product Was puri?ed 
similarly as in Reference Example 1 to obtain deuterated 
4,4'-diaminodiphenyl ether of 7.5 g (yield: 75%). The 
obtained deuterated 4,4'-diaminodiphenyl ether Was sub 
jected to structural analysis by measuring its 1H-NMR and 
2H-NMR spectra to shoW an average deuteration ratio of 
98%. 

Example 11 

Synthesis of Deuterated Polyamic Acid Compound 
[0191] Deuterated 4,4'-diaminodiphenyl ether of 10 mmol 
obtained in Reference Example 6 and pyromellitic dianhy 
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dride of 10 mmol Were added to N-methylpyrrolidone of 36 
g and subjected to reaction at about 25° C. for about 2 hours, 
followed by ordinary processing to obtain 4 g of a deuterated 
polyamic acid compound having the following repeating 
constitution (Weight average molecular Weight: 185,000) 
(yield: 100%). 

D D D D 
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Example 12 

Synthesis of Deuterated Polyimide Compound 

[0192] 1 g of 10% by Weight N-methylpyrrolidone solu 
tion of the deuterated polyamic acid compound obtained in 
Example 11 Was cast on a glass Petri dish, heated at about 
200° C. for about 1 hour and then subjected to reaction at 
about 300° C. for about 1 hour to obtain 0.1 g of a deuterated 
polyimide compound having the folloWing repeating con 
stitution (yield: 100%). 

O O D D D D 

O O D D D D 

[0193] The obtained deuterated polyimide compound Was 
subjected to structural analysis by measuring its IR spec 
trum, Which shoWed peaks derived from C=O bonds and 
CiN bonds of the polyimide structure (around 1,730 cm-1 
and around 1,370 cm“1 respectively). It Was thus con?rmed 
that the raW material deuterated polyamic acid compound 
Was cycliZed and the object deuterated polyimide compound 
Was obtained. 

Comparative Example 6 

[0194] A polyimide compound Was obtained similarly as 
in Comparative Example 1 except for using 10 mmol of 
4,4'-diaminodiphenyl ether not having a heavy hydrogen 
atom instead of 10 mmol of o-tolidine not having a heavy 
hydrogen atom (yield: 100%). 

Reference Example 7 

Synthesis of Deuterated 4,4'-diaminobenZophenone 

[0195] 4,4'-DiaminobenZophenone of 10 g and a mixed 
catalyst of3 g composed of 10% Pd/C of 1 g and 5% Pt/C 
of 2 g Were added to deuterated Water (D20) of 340 mL and 
subjected to reaction at about 180° C. for 24 hours. After 
termination of the reaction, the reaction product Was puri?ed 
similarly as in Reference Example 1 to obtain deuterated 
4,4'-diaminobenZophenone of 9.6 g (yield: 96%). The 
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obtained deuterated 4,4'-diaminobenZophenone Was sub 
jected to structural analysis by measuring its 1H-NMR and 
2H-NMR spectra to shoW an average deuteration ratio of 
77%. 

Example 13 

Synthesis of Deuterated Polyamic Acid Compound 

[0196] Deuterated 4,4'-diaminobenZophenone of 10 mmol 
obtained in Reference Example 7 and pyromellitic dianhy 
dride of 10 mmol Were added to N-methylpyrrolidone of 39 
g and subjected to reaction at about 25° C. for about 2 hours, 
folloWed by ordinary processing to obtain 4 g of a deuterated 
polyamic acid compound having the folloWing repeating 
constitution (Weight average molecular Weight: 113,000) 
(yield: 93%). 
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Example 14 

Synthesis of Deuterated Polyimide Compound 

[0197] 1 g of 10% by Weight N-methylpyrrolidone solu 
tion of the deuterated polyamic acid compound obtained in 
Example 13 Was cast on a glass Petri dish, heated at about 
200° C. for about 1 hour and then subjected to reaction at 
about 300° C. for about 1 hour to obtain 0.085 g of a 
deuterated polyimide compound having the folloWing 
repeating constitution (yield: 85%). 

o o D D D D 

N N C 
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[0198] The obtained deuterated polyimide compound Was 
subjected to structural analysis by measuring its IR spec 
trum, Which shoWed peaks derived from C=O bonds and 
CiN bonds of the polyimide structure (around 1,730 cm“1 
and around 1,370 cm-1 respectively). It Was thus con?rmed 
that the raW material deuterated polyamic acid compound 
Was cycliZed and the object deuterated polyimide compound 
Was obtained. 

Comparative Example 7 

[0199] A polyimide compound Was obtained similarly as 
in Comparative Example 1 except for using 10 mmol of 
4,4'-diaminobenZophenone not having a heavy hydrogen 
atom instead of 10 mmol of o-tolidine not having a heavy 
hydrogen atom (yield: 90%). 
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Reference Example 8 

Synthesis of Deuterated 
4,4'-diaminodiphenylsulfone 

[0200] 4,4'-diaminodiphenylsulfone of 10 g and a mixed 
catalyst of3 g composed of 10% Pd/C of 1 g and 5% Pt/C 
of 2 g Were added to deuterated Water (D20) of 340 mL and 
subjected to reaction at about 180° C. for 24 hours. After 
termination of the reaction, the reaction product Was puri?ed 
similarly as in Reference Example 1 to obtain deuterated 
4,4'-diaminodiphenylsulfone of 9-6 g (yield: 96%). The 
obtained deuterated 4,4'-diaminodiphenylsulfone Was sub 
jected to structural analysis by measuring its 1H-NMR and 
2H-NMR spectra to shoW an average deuteration ratio of 
47%. 

Example 15 

Synthesis of Deuterated Polyamic Acid Compound 

[0201] Deuterated 4,4'-diaminodiphenylsulfone of 10 
mmol obtained in Reference Example 8 and pyromellitic 
dianhydride of 10 mmol Were added to N-methylpyrrolidone 
of 42 g and subjected to reaction at about 25° C. for about 
2 hours, folloWed by ordinary processing to obtain 4 g of a 
deuterated polyamic acid compound having the folloWing 
repeating constitution (Weight average molecular Weight: 
105,000) (yield: 86%). 
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Example 16 

Synthesis of Deuterated Polyimide Compound 
[0202] 1 g of 10% by Weight N-methylpyrrolidone solu 
tion of the deuterated polyamic acid compound obtained in 
Example 15 Was cast on a glass Petri dish, heated at about 
200° C. for about 1 hour and then subjected to reaction at 
about 300° C. for about 1 hour to obtain 0.95 g of a 
deuterated polyimide compound having the folloWing 
repeating constitution (yield: 95%). 

O O D D D D 

O O D D D D 

[0203] The obtained deuterated polyimide compound Was 
subjected to structural analysis by measuring its IR spec 
trum, Which shoWed peaks derived from C=O bonds and 
CiN bonds of the polyimide structure (around 1,730 cm“1 
and around 1,370 cm-1 respectively). It Was thus con?rmed 
that the raW material deuterated polyamic acid compound 
Was cycliZed and the object deuterated polyimide compound 
Was obtained. 
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Comparative Example 8 

[0204] A polyimide compound Was obtained similarly as 
in Comparative Example 1 except for using 10 mmol of 
4,4'-diaminodiphenylsulfone not having a heavy hydrogen 
atom instead of 10 mmol of o-tolidine not having a heavy 
hydrogen atom (yield: 90%). 

Reference Example 9 

Synthesis of Deuterated o-tolidine 

[0205] o-Tolidine of 10 g and 5% Pt/C of2 g Were added 
to deuterated Water (D20) of 340 mL and subjected to 
reaction at about 180° C. for about 24 hours. After termi 
nation of the reaction, the reaction product Was puri?ed 
similarly as in Reference Example 1 to obtain deuterated 
o-tolidine of 6.5 g (yield: 65%). The obtained deuterated 
o-tolidine Was subjected to structural analysis by measuring 
its 1H-NMR and 2H-NMR spectra to shoW an average 
deuteration ratio of 30%. 

Example 17 

Synthesis of Deuterated Polyamic Acid Compound 

[0206] Deuterated o-tolidine of 10 mmol obtained in Ref 
erence Example 9 and pyromellitic dianhydride of 10 mmol 
Were added to dimethylacetamide of 41 g and subjected to 
reaction at about 25° C. for about 2 hours, folloWed by 
ordinary processing to obtain 4 g of a deuterated polyamic 
acid compound having the folloWing repeating constitution 
(Weight average molecular Weight: 165,000) (yield: 88%). 

Example 18 

Synthesis of Deuterated Polyimide Compound 

[0207] 1 g of 10% by Weight dimethylacetamide solution 
of the deuterated polyamic acid compound obtained in 
Example 17 Was cast on a glass Petri dish, heated at about 
200° C. for about 1 hour and then subjected to reaction at 
about 300° C. for about 1 hour to obtain 0.095 g of a 
deuterated polyimide compound having the folloWing 
repeating constitution (yield: 95%). 

o o D3C D D CD3 

0 o D D D D 

[0208] The obtained deuterated polyimide compound Was 
subjected to structural analysis by measuring its IR spec 
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trum, Which showed peaks derived from C=O bonds and 
CiN bonds of the polyimide structure (around 1,730 cm-1 
and around 1,370 cm“1 respectively). It Was thus con?rmed 
that the raW material deuterated polyamic acid compound 
Was cycliZed and the object deuterated polyimide compound 
Was obtained. 

Reference Example 10 

Synthesis of Deuterated 4,4'-methylene 
di-o-toluidine 

[0209] 4,4'-methylene di-o-toluidine of 20 g (0.09 mol) 
and 5% Pt/C of 4 g Were added to deuterated Water (D20) 
of 680 mL and subjected to reaction at about 180° C. for 
about 24 hours. After termination of the reaction, the reac 
tion product Was puri?ed similarly as in Reference Example 
1 to obtain deuterated 4,4'-methylene di-o-toluidine of 9 g 
(yield: 45%). The obtained deuterated 4,4'-methylene di-o 
toluidine Was subjected to structural analysis by measuring 
its 1H-NMR and 2H-NMR spectra to shoW an average 
deuteration ratio of 81%. 

Example 19 

Synthesis of Deuterated Polyamic Acid Compound 

[0210] 3.8 g of a deuterated polyamic acid compound 
(Weight average molecular Weight: 152,000) having the 
folloWing repeating constitution Was obtained similarly as in 
Example 3 except for using the deuterated 4,4'-methylene 
di-o-toluidine obtained in Reference Example 10 (yield: 
95%). 

D30 D D CD3 
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Example 20 

Synthesis of Deuterated Polyimide Compound 

[0211] 1 g of 10% by Weight N-methylpyrrolidone solu 
tion of the deuterated polyamic acid compound obtained in 
Example 19 Was cast on a glass Petri dish, heated at about 
200° C. for about 1 hour and then subjected to reaction at 
about 300° C. for about 1 hour to obtain 0.095 g of a 
deuterated polyimide compound having the folloWing 
repeating constitution (yield: 95%). 

o 0 D30 D D cD3 

o o D D D D 

[0212] The obtained deuterated polyimide compound Was 
subjected to structural analysis by measuring its IR spec 
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trum, Which shoWed peaks derived from C=O bonds and 
CiN bonds of the polyimide structure (around 1,730 cm“1 
and around 1,370 cm“1 respectively). It Was thus con?rmed 
that the raW material deuterated polyamic acid compound 
Was cycliZed and the object deuterated polyimide compound 
Was obtained. 

Reference Example 11 

Synthesis of Deuterated 
3,3',5,5'-tetramethylbenZidine 

[0213] 3,3',5,5'-TetramethylbenZidine of 10 g and 5% Pt/C 
of 2 g Were added to deuterated Water (D20) of 340 mL and 
subjected to reaction at 180° C. for 24 hours. After termi 
nation of the reaction, the reaction product Was puri?ed 
similarly as in Reference Example 1 to obtain deuterated 
3,3',5,5'-tetramethylbenZidine of 6.5 g (yield: 82%). The 
obtained deuterated 3,3',5,5'-tetramethylbenZidine Was sub 
jected to structural analysis by measuring its 1H-NMR and 
2H-NMR spectra to shoW an average deuteration ratio of 
65%. 

Example 21 

Synthesis of Deuterated Polyamic Acid Compound 

[0214] 3.6 g of a deuterated polyamic acid compound 
(Weight average molecular Weight: 118,000) having the 
folloWing repeating constitution Was obtained similarly as in 
Example 5 except for using the deuterated 3,3',5,5'-tetram 
ethylbenZidine obtained in Reference Example 11 (yield: 
90%). 
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Example 22 

Synthesis of Deuterated Polyimide Compound 

[0215] 1 g of 10% by Weight N-methylpyrrolidone solu 
tion of the deuterated polyamic acid compound obtained in 
Example 21 Was cast on a glass Petri dish, heated at about 
200° C. for about 1 hour and then subjected to reaction at 
about 300° C. for about 1 hour to obtain 0.09 g of a 
deuterated polyimide compound having the folloWing 
repeating constitution (yield: 90%). 

o o D3C D D CD3 
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